The glial cells of the cerebral cortex were examined and counted in 60-80g rats by light and electron microscopy and compared to those described in the corpus callosum by MORI and LEBLOND.
The oligodendrocytes represented about 50% of all glial cells in the cortex and were less numerous than in the corpus callosum. They showed the three subtypes, light, medium dense and dense described in the corpus callosum.
The cells seemed to be less variable and more rounded with less dense chromatin and more numerous microtubules than in the corpus callosum.
The astrocytes were also less variable, had somewhat less cytoplasm and shorter processes with fewer bundles of filaments than those in the corpus callosum.
They comprised about 35% of all cerebral glial cells.
The microglial of the cortex was classified into interstitial and pericytal as in the corpus callosum. The interstitial microglia appeared about twice more than in the corpus callosum, but the frequency of cells per unit area was almost the same as in the corpus callosum. The microglial nucleus showed similar to that in the corplus callosum, but often with less cytoplasm around it than in the corpus callosum.
The pericytal microglia numbered less than the interstitial ones and showed no significant difference from those described in the corpus callosum.
In three recent articles dealing respectively with microglia, astrocytes and three types of oligodendrocytes these cells were described in the corpus callosum of 60-80g rats and their capacity for division was examined by MORI and LEBLOND (1969a, b, 1970 ).
The present work was intended to find out if the diagnostic criteria used in the identification of the glial cells of the corpus callosum could be applied to those of the cerebral cortex. The glial cells in this region which has been frequently used for the study of the central nervous system will then be described. Hence, the description as well as the cell counts will be restricted to a definite portion of the gray matter rather than attempting to give a general survey as usually done in the past (LUSE, 1956; FARQUHAR and HARTMANN, 1957; SCHULTZ, MAYNARD and PEASE, 1957; PALAY, 1958; HARTMANN, 1958; DE ROBERTIS and GERSCHENFELD, 1961; SCHULTZ, 1964; COULTER, 1964; KRUGER, 1965; KRUGER and MAXWELL, 1966; KING, 1968) .
Materials and Methods
Rats weighing 60-80g were perfused for 30mins with a mixture of 3% glutaraldehyde and 2% paraformaldehyde containing 0.1M phosphate buffer, 4% sucrose and 0.5mM CaCl2. Coronal slices of the brain at the level of the optic chiasma were cut by using a manual microchopper (MORI, 1966) and immersed in fresh fixative.
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Small pieces of the cortex (layer VI) were taken from the dorsal part of the slices and immersed into DALTON's fluid (1955) for 1hr. It was not difficult to cut out this layer of the cortex since it is located next to the corpus callosum and is fairly thick (KRIEG, 1946) . After dehydration in acetone and embedding in Epon, thin sections stained with uranyl acetate and lead citrate were examined in the electron microscope. Adjacent semi-thin sections for light microscopy were stained with 2% toluidine blue. Cell counts were carried out by light and electron microscopy as described previously (MORI and LEBLOND, 1969a) .
Observations
In the gray matter of the cortex (layer VI), neurons were identified by their large light nucleus (Fig. 10, 11 MORI and LEBLOND (1970) (Fig. 1) . The medium dense oligodendrocytes appeared intermediate between light and dense ones as in the corpus callosum (Fig. 2) . Their cisternae of rough endoplasmic reticulum were larger and their Golgi apparatus, more prominent than in light oligodendrocytes. They sometimes contained dense bodies (Fig. 2) . The dense oligodendrocytes were rather dark and small. The ground substance of the cytoplasm was much darker than the nucleoplasm (Fig. 3) . Free ribosomes and rough endoplasmic reticulum were not numerous, but lamellar bodies were frequently seen. The Golgi apparatus was composed of a few light saccules (Fig. 3) . Cerebral oligodendrocytes differed from those of the corpus callosum inasmuch as the nuclei seemed to show a narrower range of densities from the lightest to the darkest.
The cytoplasm of light oligodendrocytes contained more microtubules and fewer mitochondria than in the corpus callosum ( Fig. 1) . The dense bodies scarce in the light cells of the corpus callosum-were often recognized in those of the cortex (Fig. 1) . The thick processes of this cell were larger and contained more microtubules than in the corpus callosum ( Fig. 1) . The medium dense oligodendrocytes also showed dense bodies in the cytoplasm (Fig. 2) . Rough endoplasmic reticulum cisternae were fewer and shorter than in medium cells of the corpus callosum (Fig. 2 ).
The dense oligodendrocytes in general had a more rounded shape in the neuropil of the cortex, shorter processes and a less dark ground substance than in the corpus as also in the following photographs. The large light nucleus (N) with a few chromatin aggregates at the nuclear periphery shows the slightly darker cytoplasm containing numerous free ribosomes (r), a few cisternae of rough endoplasmic reticulum (rE), many microtubules (t) but few mitochondria (m). Here a few dense bodies (d) are seen near the Golgi apparatus (g). Proximal portions of two thick processes (tp) and fine processes (arrows) continuing into the cytoplasm can be observed. Small callosum (Fig. 3 ). Chromatin masses were less extensive and the interchromatin nucleoplasm lighter, the free ribosomes were more numerous, the cisternae of rough endoplasmic reticulum fewer and smaller, and the Golgi apparatus larger than in the corpus callosum (Fig. 3) .
Astrocytes
Astrocytes encountered in the cerebral cortex, like those of the corpus callosum (MORI and LEBLOND, 1969b) , had a light round, or angular shaped nucleus with discrete peripheral chromatin (Fig. 4) Fig. 2 . A medium dense oligodendrocyte seen near a neuron (NC) in the cortex. The chromatin aggregates and nucleolus (n) are in the oval nucleus (N), which is darker than that of light oligodendrocyte. The cytoplasm, which appears darker than the nucleoplasm, contains numerous well developed cell organelles, together with many lysosomal dense bodies (d) located mainly around large Golgi apparatus (g). Many free ribosomes (r), cisternae of rough endoplasmic reticulum (rE) and microtubules (t) but few mito-apparatus but few cisternae of rough endoplasmic reticulum (Fig. 4) . The astrocytes sent off processes whose content was similar to that of the cytoplasm and which often impinged upon capillaries. The cytoplasmic density of astrocytes appeared similar to their nucleoplasmic density, but varied from cell to cell. In most cases nucleus and cytoplasm were light (Fig. 4 ), but they could be fairly dense as noted in the corpus callosum (MORI and LEBLOND, 1969b) .
On the whole, however, the astrocytes of the cortex were smaller and showed less cytoplasm than those of the corpus callosum. The nucleus had a more regular surface with an occasional depression as in Figure 11 . In the cytoplasm filaments and glycogen granules were fewer than in astrocytes of the corpus callosum. Astrocytic processes were narrower in general, and microtubules more common here (Fig. 4) .
Microglia
In the cerebral cortex it was possible to distinguish interstitial and pericytal microglia as in the corpus callosum (MORI and LEBLOND, 1969a) . The interstitial microglia was isolated in the neuropil (Fig. 5) , or placed in satellite position to a neuron (Fig. 6) . As in the corpus callosum, the nucleus showed dense masses of chromatin contrasting with the rest of the nucleoplasm, while the cytoplasm was often Fig. 3 . A dense oligodendrocyte next to a neuron in the cerebral cortex. The crescent shape of the fairly dark nucleus (N) is located on one side of a dark cytoplasm. Many chromatin masses are seen together with the small dark nucleolus (n) which is darker than the chromatin masses. Large Golgi stacks (g), many mitochondria (m) in the middle of the cytoplasm, and short cisternae of the rough endoplasmic reticulum (rE) suggest that the cell, although definitely dark, is slightly very scarce around the nucleus, or accumulated sometimes at one end of the nucleus (Fig. 5, 6 ). Free ribosomes were few. The rough endoplasmic reticulum and Golgi apparatus were scanty, but dense bodies and microtubules occurred frequently (Fig. 5,   6 ). The pericytal microglia were cells associated with capillaries and enclosed within Fig. 4 . An astrocyte in the cortex of the rat brain. The light round nucleus (N) with nucleolus (n) at its periphery is surrounded by a scanty light cytoplasm. Small bundles of filaments (f) are observed in the cytoplasm, which also show Golgi apparatus (g) and mitochondria (m) with occasional granules. A few short rough endoplasmic reticulum cisternae (rE) and free ribosomes (r) are inter-an expansion of the basement membrane of the endothelium (Fig. 7) . The chromatin of pericytal microglia had a usually less intricate pattern with larger globular masses than that of interstitial microglia. There was often continuity between the cisternae of the rough endoplasmic reticulum and the nuclear envelope in the scanty cytoplasm.
Both were usually distended with some dense material (Fig. 7 ). There were free ribosomes, mitochondria and occasional dense bodies (Fg. 7).
Light Microscopic Observations
The six types of glial cells could be identified in semithin sections observed in the light microscope, using the criteria reported previously by MORI and LEBLOND (1969a, b, 1970) . The light oligodendrocytes showed a large and light oval nucleus with fairly distinct nuclear membrane (Fig 8) . The cytoplasm was pale and abundant all around the nucleus, though it was somewhat darker than the nucleoplasm. Myelinated nerve fibers were usually seen in contact with this cell (Fig. 8) . The medium dense oligodendrocytes had a smaller and darker oval nucleus with darker, less abundant cytoplasm than in light oligodendrocytes (Fig. 9) . The cell was also associated with myelinated nerve fibers (Fig. 9) . The dense oligodendrocytes usually appeared as (Fig. 10) . The nucleus was irregularly oval, located usually on one side of the cell and contained many dark chromatin masses (Fig. 10) . The cytoplasm was remarkably dark and was in contact with myelinated nerve fibers (Fig. 10) . The astrocytes showed the light round or angular shape of the nucleus with a very distinct nuclear membrane (Fig. 11) . The cytoplasm was generally as light as the nucleoplasm and often contained dense bodies (Fig. 11) . These cells could be distinguished from neurons, since the latter have a lighter nucleus with a less distinct nuclear membrane than in astrocytes and light oligodendrocytes (Fig. 10, 11 ).
The interstitial inicroglia had a nucleus with many dark chromatin masses and light nucleoplasm between them (Fig. 12) . The cytoplasm was scarce and not so dark as in dense oligodendrocytes and often contained dense bodies (Fig. 12) . The pericytal microglia usually had almost the same characteristic nucleus as those of interstitial ones but located in contact with capillary endothelium (Fig. 13) .
Quantification of Glial Cells in Light and Electron Microscopy
The quantification of glial cells in the cortex was carried out in layer VI of the dorsal part of the parietal region at the level of the optic chiasma. This region was thick and uniform in cellular architecture (KRIEG, 1946) . When the frequency of each type of glial cell was estimated by scanning with the light and electron microscopes this portion of the cortex (Table 1) , it was found that oligodendrocytes made up 55% of all glial cells, that is, somewhat less than in the corpus callosum; astrocytes, 32.3%, that is, somewhat more than in the corpus callosum and microglia, 12%, that is, almost twice as many as in the corpus callosum. Yet microglial frequency per unit area was about the same in both regions. Namely, area (MORI and LEBLOND, 1970) , while 54 microglia cells out of 382 glial cells were glial density in the cortex is about half of that in the corpus callosum, that is, about pus callosum. The frequency of pericytal microglia in this region was less than the frequency of interstitial microglia (showed in the brackets in Table 1 ).
Neurons were also enumerated in the light microscope and their number was found to be fairly constant in relation to that of glial cells. A total of 411 neurons were counted along with 213 glial cells in one animal and 200 neurons along with 103 glial cells in another animal (Table 1) . Hence, there are about two neurons to one glial cell in layer VI of the cerebral cortex. and the characteristic cisternae of rough endoplasmic reticulum (rE) encountered in pericytal micro-
The light oligodendrocyte in Figure 8 shows a large and light oval nucleus (N) and somewhat darker cytoplasm than the nucleoplasm distributed all around the nucleus. Myelinated nerve fibers (Ax) are seen surrounding this cell. The medium dense oligodendrocyte in Figure 9 is smaller and denser than the light oligodendrocyte in Figure 8 . The oval nucleus (N) contains discrete chromatin masses and the cytoplasm is associated with several myelinated nerve fibers (Ax). The dark oligodendrocyte in Figure 10 appears with irregular crescent shape of nucleus (N) containing more chromatin masses, and with the very dark cytoplasm. More numerous myelinated nerve fibers (Ax) are in contact with this cell. Part of a neuron (NC) is visible in the upper left corner. The astrocyte in Figure 11 has the light angular nucleus (N), of which the nuclear membrane is very distinct. The cytoplasm is as light as the nucleoplasm and contains dense bodies (d). Part of another neuron (NC) seen at the left side can be useful for comparison with this cell as well as with the light oligodendrocyte in Figure 8 . The interstitial microglia in Figure 12 appears near the capillary (L). It shows the elongated nucleus (N) assuming the characteristic contrast between chromatin masses and the rest of the nucleoplasm. The cytoplasm (Cy), extendings up and downwards, is less dense than that of dark oligodendrocyte.
Dense bodies (d) are contained in this cytoplasm. Figure 13 shows a cell (p) next to the endothelium (E) of a capillary (L). The elongated nucleus (N) has many dark chromatin masses and light interchromatin nucleoplasm. This cell may represent the pericytal microglia which is probably covered by the extending basement membrane of the capillary.
Discussion

Oligodendrocytes
In the cerebral cortex, oligodendrocytes were found to make up 55% of the glial population versus 70% in the corpus callosum.
In view of the smaller density of glial cells in the cortex (about half of those in the corpus callosum), it is clear that oligodendrocytes are much less abundant than in white matter, i. e., 3.5 oligodendrolosum, perhaps because there are fewer myelinated nerve fibers and therefore lesser need for oligodendrocytes.
Three types of oligodendrocytes-light, medium dense and dense-were observed in the cortex where they showed only minor differences from those present in the white matter of the corpus callosum as described in a preliminary form by MORI and HAMA (1971) . Since these three types were observed after different fixation methods, it is clear that they are not artifacts but true structures of the brain of 60-80g rats.
Astrocytes
The astrocytes found in the cortex-classically referred to as "protoplasmic"
-were rounder cells with shorter processes than in the corpus callosum, but they contained bundles of filaments, like the "fibrous" astrocytes of the corpus callosum, even though the name "protoplasmic" was apt to give an impression that these cells were devoid of cytoplasmic filaments (COULTER, 1964) . However, their filaments seemed to be fewer and shorter than in the corpus callosum.
The proportion of glial cells present as astrocytes in the cortex (about 35%) was somewhat higher than in the corpus callosum (about 25%).
On the other hand, the glial density was about twice as high in the latter. Hence, the number of astrocytes Table 1 . Number of glial cell of each type in the cerebrum (layer VI of the rat brain) (Each line corresponds to one animal. Corrections for nuclear sizes were not carried out.)
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